The pure chromophobes isolated from adenohypophyseal cells of rats were successfully cultured by the roller tube method in a serum-free NCTC-109 medium supplemented with nucleic acids and l-thyroxine. Upon light and electron microscopy, some chromophobes cultured in the control media proliferated by mitosis and others differentiated into immature ambiguous cells. The assay of ACTH, GH, and prolactin showed that these control explants produced a small amount of ACTH and GH, but a large amount of prolactin. When cultured in a CRF (corticotrophin releasing factor) medium, most chromophobes differentiated continuously into acidophils, but not into basophils. Most cells cultured in a CRF medium accumulated granules of various sizes. Since the incorporation of 3H-thymidine into DNA of chromophobes and ambiguous cells reached a maximum at an early stage of their culture, these two cells were assumed to be the maternal cells with the proliferating activity. When the chromophobes were kept in the media containing CRF and colchicine, their cell division was arrested at metaphase. With evident decrease in number of the chromophobes and ambiguous cells, many cells of the explants turned into acidophilic cells providing protein synthesizing ability. Thus the virtual transformation of the chromophobes into acidophils was induced. The explants in a CRF-colchicine medium produced a large amount of ACTH exclusively, and produced neither GH nor prolactin irrespective of the different sizes of granules. During the time course of CRF culture the 3H-thymidine incorporation into nucelar DNA was low when the ACTH content of explants was high, and vice versa. As CRF content of the media was increased, the peak of volumetric percentage of acidophils in the explants appeared earlier. The chromophobes may be dynamic rather than static in a mode of transformation into acidophils following the addition of CRF in to the medium. The cells which were differentiating on the acidophil axis could be, therefore, regarded as ACTH producers in reference to bioassay data.
Synopsis
The pure chromophobes isolated from adenohypophyseal cells of rats were successfully cultured by the roller tube method in a serum-free NCTC-109 medium supplemented with nucleic acids and l-thyroxine. Upon light and electron microscopy, some chromophobes cultured in the control media proliferated by mitosis and others differentiated into immature ambiguous cells. The assay of ACTH, GH, and prolactin showed that these control explants produced a small amount of ACTH and GH, but a large amount of prolactin. When cultured in a CRF (corticotrophin releasing factor) medium, most chromophobes differentiated continuously into acidophils, but not into basophils. Most cells cultured in a CRF medium accumulated granules of various sizes. Since the incorporation of 3H-thymidine into DNA of chromophobes and ambiguous cells reached a maximum at an early stage of their culture, these two cells were assumed to be the maternal cells with the proliferating activity. When the chromophobes were kept in the media containing CRF and colchicine, their cell division was arrested at metaphase. With evident decrease in number of the chromophobes and ambiguous cells, many cells of the explants turned into acidophilic cells providing protein synthesizing ability. Thus the virtual transformation of the chromophobes into acidophils was induced. The explants in a CRF-colchicine medium produced a large amount of ACTH exclusively, and produced neither GH nor prolactin irrespective of the different sizes of granules. During the time course of CRF culture the 3H-thymidine incorporation into nucelar DNA was low when the ACTH content of explants was high, and vice versa. As CRF content of the media was increased, the peak of volumetric percentage of acidophils in the explants appeared earlier. The chromophobes may be dynamic rather than static in a mode of transformation into acidophils following the addition of CRF in to the medium. The cells which were differentiating on the acidophil axis could be, therefore, regarded as ACTH producers in reference to bioassay data.
There have been conflicting opinions concerning ACTH secreting cells. Acidophils, basophils or chromophobes have been enumerated as sources (a review of Herlant, 1964) . Recently, Kurosumi and Kobayashi (1966) described a new type of cells and called them"corticotrophs."
The fine structure of these cells was completely different from that of the cells of any known type. Later Siperstein and Miller (1970) presented another type of cells as corticotrophs.
The acidophils and basophils have been believed by some investigators to proliferate through mitosis (Kurosumi and Kobayashi, 1966; Bugnon et al., 1967) . On the other hand, there has been an opposite opinion that both acidophils and basophils originate from chromophobes by way of differentiation, as presented in the"Textbook of Histology" by Bloom and Fawcett (1968) . Based on experi-ments on human pathological material, Netter and Ezrin (1963) formulated a theory that the adenohypophysis was made up of chromophils, and that the latter were the differentiated product of the former. Knutson (1966) claimed from the result of his experiments on animals, that there is a possibility that chromophobes may be transformed either into acidophils or into basophils. Totsuka (1967) of our laboratory speculated that ACTH secreting cells might be related to the cells that were differentiating from the chromophobes into acidophils. She emphasized a relationship between a long lasting level of ACTH content in the pituitaries and the increased number of mature acidophils in the pituitary after adrenalectomy. Ishikawa et al.(1969) pointed out from their light and electron microscopic observations of the anterior pituitaries of perinatal rats that the primordial cells, prenatal chromophobes, might develop either into acidophils or into basophils, and speculated that ACTH might be produced by the cells that were differentiating along the acidophil-axis. A method to isolate various types of adenohypophyseal cells of rats was developed by , by which chromophobes were isolated with only a negligible contamination of other types After 3 days in culture, most of the cells were small in size, scattered, and did not differentiate much (Fig. 7) . They showed a weak stainability with PAS and iron-hematoxylin, and never differentiated into mature acidophils or basophils. Thus, it was apparent that the cells remained as the chromophobes of the initial stage of"intermediate cells"* (Fig. 7, arrow) . After 30 days of culture, the cells still did not change the staining character and morphological aspects which were evidenced after 3 days in culture. arrangement of ER also appeared in the acidophils developing in the CRF-colchicine medium at the same rate as in the CRF medium. The signs of serious degeneration and destruction which were found only in the old acidophils are shown in Figure 13 -A, B, although it remains unsolved whether these degenerative signs were naturally artificially induced.
5. ACTH, GH, and prolactin content of the explants Figure 14 shows the values of ACTH content and 3H-thymidine incorporation into nuclear DNA in the CRF medium. The curve showing 3H-thymidine incorporation provides a pattern of a mirror image of the curve of the ACTH content of the explants. In other words, cell proliferation might be in reverse relation to cell differentiation. Table 5 shows the content of ACTH, GH, and prolactin of the explants in 12-day culture in control media and in CRF-colchicine experimental media. In the CRF-colchicine media, ACTH content of the explants was high, while GH and prolactin were undetectable. On the other hand, although the prolactin content of the explants was high in the control medium, ACTH and GH contents were very low in it. It may be suggested that GH and prolactin synthesis and the differentiation of chromophobes into GH and prolactin cells were inhibited by CRF. Literature on the organ culture of anterior pituitaries is voluminous (Guillemin and Rosenberg, 1955; Meites, et al., 1961; Pasteels, 1961 Pasteels, a, b, c, 1962 Bousquest and Meunier, 1962; Danon et al., 1963; Petrovic, 1963; Kullander, 1963; Gala and Reece, 1964; Brauman et al., 1964; Petrovic and Gasson, 1965; Sar and Meites, 1967; Tixier-Vidal et Picart, 1967; Sage, 1968; Mittler et al., 1969) . Only a few references, however, have been made as to the monolayer and suspension culture (Thompson and Price, 1963; Stark et al., 1965) . Most of these investigatiors aimed at the elucidation of the functional significance of the hypothalamic releasing factors between the pituitary and the target organs or between the hypothalamus and pituitary hormones. The organ culture method seemed unsuitable for the purpose of analysing cell differentiation or transformation. Recently, was successful in isolating chromophobes from the rat anterior pituitaries with negligible contamination with the other jkind of cells. In this study, the pellets of the chromophobes isolated by his technique were cultured in a serum-free nutrient medium supplemented by thyroxine and some nuclei acids as the control. It was generally accepted that a thyroxine replacement injection caused a strong renewal of activity of acidophils in the anterior pituitary of thyroidectomized rats, in which the acido- phils decreased conspicuously Meyer and Evans, 1964) . The hint of an addition of thyroxine to our culture media resulted from the above data. It is noteworthy that, so far as the culture media were not added with thyroxine, the chromophobes never differentiated into mature acidophils even though they were kept in the CRF or CRF-colchicine media. This important finding suggests that thyroxine is an indispensable factor in causing the cultured chromophobes to efficiently differentiate. The mechanism of the co-operation of thyroxine with CRF has not been thoroughly analized by the present study. already differentiated, mitotic division was detectable only in stellate cells or in the chromophobes (Salazar et al., 1969; Hatakeyama, 1969) . These investigators recognized partial automaticity in prenatal differentiation of the anterior pituitary cells. Yoshimura et al. (1970) speculated that the chromophobes in the adult rats were a kind of stem cells from which mature acidophils or basophils were derived. They thought that both the acidophils and basophils might originate from the chromophobes, and that they were destined to be exhausted due to over-production of hormones after full maturation. The speculation by Yoshimura et al. as to the "course of life" of adenohypophyseal cells was supported by this in vitro evidence. Acidophils have long been, in general, regarded as GH and prolactin secreting cells. But it has been clarified by the present investigators that the cultured cells differentiating on the acidophil-axis neither produce GH nor prolactin under the influence of CRF, and that they produce a large amount of ACTH throughout the "course of life." It seems, therefore, justifiable to assert that any cells that are differentiating on the acidophilaxis, at least under the co-operation of CRF and thyroxine, are involved in the production of ACTH. The presumption made by Totsuka (1967) , Ishikawa et al. (1969) and Yoshimura et al. (1970) that ACTH was secreted by cells at any developing stage on the acidophil-axis, and not by cells of a particular type, was strongly supported by the present direct evidence. Our electron microscopic examination could not detect "corticotrophs" described by Kurosumi and Kobayashi (1966) in the explants whose constituent cells were differentiating on the acidophil-axis in a CRF medium.
Quantitative estimation of acidophils in
According to our observations, an increase in the total population of cells in the explants kept in a CRF medium depended entirely upon the mitotic division of undifferentiated cells such as chromophobes and ambiguous cells. Recently, Neubert et al. (1968) and Gross et al. (1968) pointed out by measuring thymidine uptake of the cells of the rat liver, heart, kidney and nerve that thymidine was incorporated not only in the nuclei but also in their mitochondria during mitosis. 
